The prevalence of thyroid nodules is 4-7% in adults. Although less than 5% of nodules in adults are malignant, most nodules are nonneoplastic or benign. Fine needle aspiration (FNA) is a diagnostic technique for evaluation of non-toxic nodules, which has been widely accepted. Its primary objective is the patient triage in order to identify those who need surgery and aid in the decision of the appropriate surgical procedures.
Introduction
The prevalence of thyroid nodules is 4-7% in adults. Although less than 5% of nodules in adults are malignant [1, 2] , most nodules are non-neoplastic or benign. One of the most crucial differential diagnoses is thyroid nodules in thyroid cancer that should not be neglected [3, 4] . Several variables affect the prevalence of thyroid nodules in different populations, including age, gender, and iodine intake. Prevalence increases with age in both genders. The prevalence is higher among women, among the older population, and in areas with iodine deficiency, in a way that 50% of 60-year-old subjects have thyroid nodules [5] Thyroid nodules in histopathologic studies on the deceased, demonstrated by ultrasound imaging and physical examination, confirmed a high prevalence of benign thyroid nodules among the subjects of a population [6] [7] [8] [9] . In children, the prevalence of thyroid nodules is much lower, about 2-6%, although the proportion of malignant nodules to benign nodules is more than that of in adults (9-50% vs. 5-14%) [10] [11] [12] [13] . A gold standard diagnostic method for thyroid nodules involves cytology and pathology [14] .
Fine needle aspiration (FNA) is widely accepted as a selective diagnostic tool for the evaluation of non-toxic nodules. Its primary objective is to perform the triage, in order to identify the patients that require surgery, and to decide on appropriate surgical procedures. According to the type of lesion, FNA can also have a screening diagnostic role. As a diagnostic method, the purpose of FNA is to detect papillary thyroid cancer and other malignancies [15] [16] [17] [18] .
Although FNA is one of the most reliable diagnostic methods, there have been many recent attempts to replace it with needle biopsy. The reasons for this choice are to provide more samples, carry out additional studies, and have no need for instruction of cytology interpretation; of course, only the last reason seems to be applicable [19] . The use of FNA is more cost effective than using any other method [20] , has proved its effectiveness as a simple and effective method, and has the same value for all age groups [21] .
According to clinical experts, FNA can differentiate benign nodules from malignant nodules and those that require treatment. The routine use of FNA has significantly reduced the number of unnecessary surgeries of thyroid nodules and has led to a two-fold detection of thyroid cancers in pathologic findings [22] [23] [24] .
The most important indication for FNA is the existence of a solitary nodule, but even in a multinodular goiter with malignancy risk of 7.2%, in which one of the nodules is bold or its consistency is changed, as well as in some cases of Graves' disease and Hashimoto's thyroiditis, which have abnormal localized area, it is recommended to perform FNA and it has been globally accepted [25] [26] [27] .
The diagnosis of follicular carcinoma and Hurthle cell carcinoma requires observation of invasion to the thyroid vessels or thyroid capsule, from which thyroid cancer begins. It is not specified in FNA; therefore, the need for thyroidectomy or lobectomy is defined for them [28, 29] .
Given the high prevalence of thyroid nodules, research in this regard is in line with the research priorities of the Ministry of Health [30] ; however, there has not been any study on the accuracy of thyroid nodules in Semnan province. Besides, considering the importance of the subject and the fact that the rate of sensitivity in this test differs from one study to another, and since rapid diagnosis with high confidence level can prevent unnecessary surgeries and high costs for patients and the hospital, Considering the increase among the average age population and the prevalence of thyroid nodules and, on the other hand, the long treatment period, the results of this plan will have a significant role in reducing health costs. Therefore, the researchers decided to make a comparison between cytologic and pathologic findings in samples from aspiration of thyroid nodules in Semnan.
Materials and Methods
Objective: To determine the diagnostic value of cytology of FNA in detecting malignancy of thyroid nodules.
Design: This retrospective study with a registration number in a clinical trial was conducted on all patients who underwent thyroidectomy (lobectomy or total thyroidectomy) in the surgery ward and endocrine clinic of Kowsar Hospital, in Semnan city, from 2011 to 2018.
Participants:
Inclusion criteria included the ages 15 and older, those who gave their consent to participate in the project, and those who had postoperative pathology report. Exclusion criteria included a number of patients who underwent a thyroidectomy and had postoperative pathological report, but there was no FNA histological result available.
Intervention: Firstly, patients who underwent thyroidectomy (lobectomy or total thyroidectomy) in Kowsar Hospital affiliated to Semnan University of Medical Sciences from 2011 to 2018 were identified; then 116 patients who had pathological reports were recruited in the study using convenience-sampling method, considering inclusion and exclusion criteria, and after taking their written consent forms. The data collection tool was based on a checklist of patients' information that included personal characteristics, FNA results, and postoperative pathological report. Data were compared to other similar studies and were recorded, and finally their reliability and validity were confirmed.
Since there are other criteria other than FNA for performing the thyroidectomy, regardless of the outcome of FNA, in all patients' postoperative pathological findings were compared with preoperative cytological findings that could be benign or malignant.
In this study, the preoperative characteristics, including the nodule size, the nodule type, and the number of performing FNA, as well as the postoperative characteristics, including performed surgery and the results of pathology were recorded in the checklist. Then, the data were compared and the sensitivity, specificity and accuracy of FNA were calculated.
Therefore, the diagnostic accuracy of the test for diagnosis of malignancy was investigated among patients who had undergone thyroidectomy.
Ethical considerations: Initially, the objective of the study and the procedure was explained to the participants. They were assured that their information, such as their phone number, would remain confidential and be used for scientific purpose only. The surveys would not impose any costs on the subjects. After obtaining the informed consent forms from the subjects, they were recruited into the study.
Statistical methods: Data were entered into SPSS software (version 18.0). Then extraction of patients' characteristics, sensitivity, specificity, and PPV and NPV of cytology were determined. Chi-Square Test and Independent Samples Test were the statistical analyses used in this study.
Ethical approval:
The research related to human use has been complied with all the relevant national regulations, institutional policies and in accordance the tenets of the Helsinki Declaration, and has been approved by Semnan University of Medical Ethics Committee (IR. SEMUMS. REC.1396.131).
Informed consent: Informed consent has been obtained from all individuals included in this study.
Results
According to the results of the study, the mean age of the patients was 45.16 ± 13.65 years. The majority of subjects (83.3%) were female. The main complaints of patients were neck mass, hand tremor, palpitations, and sweating.
In terms of thyroid nodule size, 38.8% of subjects had a size of 0-3.9 cm, and 61.2% had a size larger than 4 cm. Concerning the type of nodules, 39.7% of patients had solid-cystic nodule, 54.3% had solid nodule, and 6% had cystic nodule.
The results of FNA illustrated that 18.1% of subjects were suspected to have malignancy; 19% had follicular neoplasm; 17.2% had thyroid papillary carcinoma; 0.9% had atypia of undetermined significance (AUS), and there was one non-diagnostic case; 43.1% were benign; in 0.9%, malignant Hurthle cell was diagnosed (Figure 1) .
According to the type of performed surgery, 50% of subjects underwent total thyroidectomy; 25.9% had right lobectomy ismechtomy, 10.3% had left lobectomy ismechtomy, and 13.8% underwent near total thyroidectomy.
Follicular adenoma was found in 15 cases (12.9%); thyroid follicular carcinoma was seen in 12 cases (10.3%); thyroid papillary carcinoma was found in 29 cases (25%); while multinodular goiter was seen in 37 cases (31.9%); nodular goiter was found in 13 cases (11.2%), simple goiter was seen in 3 cases (2.6%); and Hashimoto's thyroiditis was seen in 7 cases (6%) (Figure 2) .
The coefficient of agreement or Kappa was calculated in the study of 0.732. There was no significant relationship between the size of thyroid nodule and malignancy (p = 0.292).There was no significant association between gender and malignancy (p = 0.596). According to the results of the study, most of the malignant nodules were of solid type and most of the cystic-solid and cystic nodules were benign. In general, diagnostic monitors evaluated all nodules of higher and lower than 4 cm ( Table 2) .
In this study, the subjects whose FNA results were follicular neoplasm were not included in the preliminary study to determine sensitivity and specificity, because the test was not able to differentiate between follicular malignancy and benign follicular adenoma, but their results were separately compared with postoperative pathological findings.
Out of 116 subjects, in the FNA, results of 22 patients there were follicular neoplasm, of which 10 patients had follicular carcinoma, 10 patients had follicular adenomas, one subject had nodular goiter, and one had Hashimoto's thyroiditis. 
Discussion
In the present study, FNA had a sensitivity of 96.9%, specificity of 81.7%, PPV of 73.8%, NPV of 98%, and accuracy of 86.9%. Considering its high diagnostic accuracy, it was an appropriate screening test to evaluate thyroid nodules. However, for solid nodules due to low specificity and PPV (40% and 78% for nodules below 4 cm and 25% and 72% for nodules above 4 cm, respectively), FNA did not play a significant role. In a study by Solati et al., 31 women and 13 men were studied. Out of 44 cases of FNA, 6 cases (13.6%) were nondiagnostic; in 14 cases (31.8%), the response was vague; in 15 cases (34.1%), benign tumors, and in 9 cases (20.5%), malignant tumors were reported. Compared to those that received biopsy, FNA results showed a sensitivity of 87.5%, specificity of 100%, accuracy of 97.4%, PPV of 100%, and NPV of 96.8% for the detection of malignancy in the thyroid nodule. The results emphasized the importance of FNA as a simple, low-cost, non-invasive method, and if it was carefully performed and evaluated by an experienced pathologist, it would have high sensitivity and specificity [31] .
In the present study, the results demonstrated that FNA had a sensitivity of 96.9%, specificity of 81.7%, PPV of 73.7%, NPV of 98%, and diagnostic accuracy of 86.9%, which differed from the results of the Sabeti et al. study; for instance, our study demonstrated that the specificity and PPV were lower, while the sensitivity and NPV were higher. Besides, the diagnostic accuracy in our test was lower than in the previously mentioned research. The reason for these differences could be due to the fact that FNA cases that were non-diagnostic or had vague results that were more present in the Solati et al. study [31] .
In the study of Yang et al., out of 4703 patients, 1052 patients were followed up by surgery, including 14.9% of patients whose FNA response was inadequate; 9.8% of patients had benign results in FNA; 40.6% of patients showed atypical cells in FNA; 63.1% of patients whose responses to FNA were follicular neoplasm; 86.1% of patients whose FNA results were suspected to be malignant; and 79.3% of patients whose FNA results were malignant. The rates of histologically confirmed malignancy in these patients were 10.9%, 7.3%, 13.5%, 32.2%, 64.7% and 98.6%, respectively.
The diagnostic difference between cytological findings of FNA and postoperative pathological results was 15.3%. This difference was due to inadequate samples, badly prepared samples, and overlapping of cytological characteristics in hyperplastic nodules and follicular adenomas. The sensitivity and specificity of FNA for diagnosis of malignancy in this study were 94% and 98.5%, respectively. These results showed that FNA was a precise diagnostic method for malignancy in thyroid nodules [32] .
By comparing the results of our study with the study conducted by Yang et al., and considering the large difference between the number of samples in both studies, we found that FNA in both studies had high sensitivity (96.9% in our study vs. 94% in their study), while the specificity in our study was lower (81.7% vs. 98.5%). This difference could be due to the difference in the pathologist's interpretation of FNA's cytological results in both studies, or because of considering the samples with follicular neoplasm in the above-mentioned study [32] .
In a study by Sanjari et al., 218 cases of FNA were studied and their cytological results suggested benignity in 57.8% of cases, and malignancy in 19.7% of cases; while 20.2% of cases were suspected and 1.4% were non-diagnostic. FNA sensitivity was 72.5%, its specificity was 83%, and the accuracy was 76%. In addition, the false negative rate in their test was 19% and false positive rate was 24%.
The sensitivity, specificity and accuracy of thyroid FNA in the present study were lower than those of other countries. A remarkable point in this study was the low incidence (1.4%) of non-diagnostic cases compared to other studies (17%), and high incidence of false negative rates (19%) compared to other studies (5.2%). In sum, it seemed that FNA biopsy was a meticulous and costeffective way to determine the type of thyroid nodule.
Compared to the present study, the study of Sanjari et al. had a lower sensitivity (72.5% vs. 96.9%), almost the same specificity (83% vs. 81.7%) and a lower accuracy (76% vs. 86%), which could be due to the existence of false negative rates in their research [33] . In both mentioned studies, it can be concluded that FNA is still the first and the best diagnostic tool for evaluating thyroid nodules and determing the treatment of patients with this complaint. If an expert physician performs FNA and the results are well interpreted by a qualified pathologist, the sensitivity and specificity and other statistical characteristics will be added and will be more accurately diagnosed.
In the study of Riyazi et al., for 158 (79.8%) patients who underwent thyroid FNA, benign lesions were detected; while for 17 patients (8.6%) malignancy and for 23 patients (11.6%) suspected or unclear results were reported. Sensitivity (53.84%), specificity (98.1%), PPV (82.35%), NPV (92.5%), and diagnostic accuracy (81.81%) were obtained for thyroid FNA.
In this study, the diagnostic method of thyroid FNA, as a preoperative diagnostic method, did not have enough sensitivity to detect malignant lesions and should have considered the clinical findings, sonography, and biological markers in preoperative management of thyroid nodules surgery.
Comparing the results of our study with the study of Riazi et al., it was discovered that sensitivity was higher in our research, (96.9% vs. 53.84%), while the specificity of our study was lower (81.7% vs. 98.1%). Moreover, PPV was lower (73.8% vs. 82.35%), NPV was higher (98% vs. 92.5%), and diagnostic accuracy was higher (86.9% vs. 81.81%). Regarding the low sensitivity of the study of Riazi et al., it was suggested to compare the results of FNA with other findings, including clinical, sonographic, and biomarker findings, in order to increase the sensitivity and diagnostic accuracy of the test [34] .
In the study of Ezzat et al., which was conducted on 296 patients, 98 patients (33.1%) had benign lesions; 40 cases (13.5%) were classified as follicular lesions of undetermined diagnostic value; 49 subjects (16.5%) had follicular neoplasm; 30 patients (10.1%) were suspected to be malignant; 58 cases (19.5%) were malignant; and 21 cases (7.1%) had insufficient samples. Nodular hyperplasia included a large proportion of benign cases (89.8%), while the papillary thyroid carcinoma was the most malignant lesions (72.4%).
The cytological results of FNA were compared with histopathologic results after thyroid surgery. In the present study, FNA had a sensitivity of approximately 92.8%, specificity of 94.2%, PPV of 94.9%, NPV of 91.8%, and diagnostic accuracy of 91%. In this study, it was concluded that FNA was a sensitive test with a high specificity and good accuracy to evaluate patients with thyroid nodule complaints [35] .
Compared to the present study, the study conducted by Ezzat et al. had a lower sensitivity. In our study, the specificity and PPV were lower than in theirs, but NPV in our study was lower. Moreover, the diagnostic accuracy in our research was lower. From the overall comparison of both studies, it was found that FNA was an appropriate screening diagnostic test with high sensitivity and specificity for the assessment of thyroid nodules.
In the study of Sclubas et al., which was performed on 240 patients, the results of the FNA were 76 (32%) positive cases for malignancy, 53 (22%) cases were malignant, in 100 (42%) of the cases the malignancy was unclear and 11 cases (5%) were non-cognitive. Also, 3 cases (4%) were false positive and 2 (4%) cases were false negative. Among 100 uncertain cases of FNA, in 11 cases (15%), 73 cases of follicular neoplasm, 2 cases (20%) of 10 cases of Herpes simplex neoplasms and 14 (82%) of 17 suspected cases of papillary carcinoma, thyroid malignancy was diagnosed. In 73 patients with follicular neoplasm, the diameter of the nodule above 2 cm was associated with a high risk of malignancy. However, our study demonstrated that there was no significant relationship between the size of the nodule with malignant risk. The false negative results of FNA were uncommon among patients with unspecified results and the subgroup of patients with the results of thin aspirated cases suspected of papillary carcinoma and follicular neoplasms had the highest risk for malignancy [36] . Due to the high sensitivity and the appropriateness of the method, and with positive predictive value and negative predictive value, it could be suggested that FNA is still considered as a reliable screening method for the evaluation of pre-operative thyroid nodules.
Conclusion
It can be concluded that FNA is a sensitive test with high specificity; and considering its high diagnostic accuracy, it is an appropriate and efficient screening test in the evaluation of thyroid nodules. FNA, as a preoperative screening method, was reliable to evaluate nodules of smaller than 4 cm and could accurately detect malignant cases from benign cases. However, given its low PPV and diagnostic accuracy to detect malignancy of nodules of bigger than 4 cm (70% and 68%, respectively), it is recommended to perform further evaluation for these nodules and the patients with negative FNA results should undergo surgery.
Suggestions for the future
This study, like any other study, has a number of limitations. Considering the wide range of issues, this study requires further studies that will investigate the following limitations listed below: Other researches are recommended: 1. By increasing the sample size, the test power can be increased. 2. Several centers are to be used for study, which imposes a centralized study of the selection error on the study. 3. It is also suggested that a prospective study be conducted to determine the needle aspiration parameters.
